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(54) [Title of the Invention] Photocatalytic coating liquid and coating substrate 
(57) [Abstract] 

[Subject] To provide a photocatalytic coating liquid capable of forming a photocatalytic 
film having excellent photocatalytic activity and film strength. 

[Means for Solving the Problem] A photocatalytic coating liquid containing a 
hydrolyzate of a titanium alkoxide, and anatase-type Ti02 fine particles with an average 
particle diameter of 1 00 nm or less, and a coating substrate having a photocatalytic film 
prepared by applying the photocatalytic liquid to a heat-resistant substrate, followed by 
sintering. 

[Scope of Claim for Patent] 

[Claim 1] A photocatalytic coating liquid comprising a hydrolyzate of a titanium 
alkoxide and anatase-type Ti02 fine particles with an average particle diameter of 100 
nm or less. 
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[Claim 2] The photocatalytic coating liquid according to claim 1, wherein the 
anatase-type TiC>2 fine particles are dispersed with a dispersed particle diameter of 1 00 
nm of less. 

[Claim 3] The photocatalytic coating liquid according to claim 1, wherein the 
hydrolyzate of the titanium alkoxide and the anatase-type TiC>2 fine particles are 
contained in amounts of 80 wt% to 99.9 wt% and 0.1 wt% to 20 wt%, respectively, 
when converted to the weight of the oxides contained in the solid content of the 
photocatalytic coating liquid. 

[Claim 4] The photocatalytic coating liquid according to claim 1, containing a 
hydrolyzate of a silicon alkoxide in an amount of 0. 1 wt% to 20 wt%. 

[Claim 5] A coating substrate having a photocatalytic film formed by applying 
the photocatalytic coating liquid according to any of claims 1 to 4 to a heat-resistant 
substrate, followed by firing. 

[Claim 6] The coating substrate according to claim 5, wherein the photocatalytic 
film is formed mainly of an anatase crystal phase. 

[Claim 7] The photocatalytic coating substrate according to claim 5, wherein an 
Si02 undercoat layer is provided between the photocatalytic film and the heat-resistant 
substrate. 

[Detailed Description of the Invention] 

[0001] 
[Technical Field] 

The present invention relates to a photocatalytic coating liquid for forming a 
photocatalytic film, and also to a coating substrate having a photocatalytic film formed 
using the same. 

[0002] 
[Related Art] 

TiC>2 (titanium oxide or titania) exhibits activity of a photocatalyst which induces 
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a unique chemical reaction by absorbing UV rays. Ti02 has a crystal type such as 
anatase, brookite, and rutile and must be used effectively taking into consideration 
manufacturing conditions, use conditions, and the like. 
[0003] 

Generally, anatase-type Ti0 2 is excellent in photocatalytic activity. However, 
to form a dense photocatalytic film, it is required to perform firing at a temperature 
exceeding 800°C. During such a firing process, the crystal phase is changed from 
anatase to rutile. Therefore, if the manufacturing process includes firing, the 
photocatalytic activity of rutile-type Ti0 2 has to be used. 

[0004] 

[Problems] A photocatalytic film obtained using a coating liquid formed only of 
a titania sol has to be fired at a high temperature to attain a film strength sufficient for 
practical use. At such a high temperature, it is hard to obtain an anatase-type crystal 
phase which is excellent in photocatalytic activity. On the other hand, if firing is 
performed at lower temperatures, a film formed of an amorphous phase and a slight 
amount of an anatase phase is obtained. The photocatalytic activity of such a film is 
not sufficient. As apparent from the above, it is difficult to obtain a film excellent both 
in photocatalytic activity and film strength when using a coating liquid formed only of a 
titania sol. 

[0005] 

On the other hand, a film obtained using a coating liquid formed by adding a 
silica sol to a titania sol has a sufficient film strength even though firing is performed at 
a lower temperature. However, addition of silica results in lowered film crystallinity 
and a reduced Ti02 content in the film, whereby the photocatalytic activity of the film 
rapidly deteriorates. 

[0006] 

As mentioned above, a photocatalytic film obtained using a conventional coating 
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liquid is disadvantageous. It is difficult to obtain a film having both excellent 
photocatalytic activity and film strength when a coating liquid formed only of a titania 
sol is used. When a coating liquid prepared by adding a silica sol to a titania sol is 
used, film crystallinity is remarkably lowered and photocatalytic acitivity rapidly 
deteriorates. Therefore, it is difficult to obtain a film having both excellent 
photocatalytic activity and film strength. 
[0007] 

[Problems to be Solved by the Invention] 

The present invention has been made to solve the above-mentioned problems. 
A specific object for solving these problems is to provide a photocatalytic coating liquid 
capable of forming a photocatalytic film excellent both in photocatalytic activity and 
film strength, and a coating substrate having a photocatalytic film formed using the 
same. 

[0008] 

[Means for Solving the Problems] 

A photocatalytic coating liquid according to claim 1 of the present invention 
comprises a hydrolyzate of a titanium alkoxide and anatase-type Ti0 2 fine particles with 
an average particle diameter of 100 nm or less. 

[0009] 

The photocatalaytic coating liquid according to claim 2 is characterized in that 
the anatase-type TiC>2 fine particles are dispersed with a dispersed particle diameter of 
100 nm or less. 

[0010] 

The photocatalytic coating liquid according to claim 3 is characterized in that the 
hydrolyzate of the titanium alkoxide and the anatase-type Ti0 2 fine particles are 
contained in amounts of 80 wt% to 99.9 wt% and 0.1 wt% to 20 wt%, respectively, 
when converted to the weight of the oxides contained in the solid content of the 



4 



photocatalytic coating liquid. 
[0011] 

The photocatalytic coating liquid according to claim 4 is characterized in that a 
hydrolyzate of a silicon alkoxide is contained in an amount of 0.1 wt% to 20 wt%. 
[0012] 

A coating substrate according to claim 5 comprises a photocatalytic film formed 
by applying the photocatalytic coating liquid according to any of claims 1 to 4 to a 
heat-resistant substrate, followed by firing. 

[0013] 

The coating substrate according to claim 6 is characterized in that the 
photocatalytic film is formed mainly of an anatase crystal phase. 
[0014] 

The photocatalytic coating substrate according to claim 7 is characterized in that 
an SiC>2 undercoat layer is provided between the photocatalytic film and the 
heat-resistant substrate. 

[0015] 

[Mode for Carry Out the Invention] 

Embodiments of the present invention are described in more detail below. 
Note that the following embodiments illustrate the invention for better understanding of 
the gist of the invention, and should not be construed as limiting the scope of the 
invention, unless otherwise specified. 

[0016] 

A hydrolysis solution is prepared by adding water and a catalyst to a titanium 
alkoxide, such as titanium tetraisopropoxide. To the hydrolysis solution, anatase-type 
TiC>2 fine particles with an average dispersed particle diameter of 1 00 nm or less as the 
nuclei of crystal growth, and if necessary, a hydrolysis solution of tetraethoxysilane or 
the like are added, whereby a coating liquid is obtained. In this case, it is preferred 
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that the anatase-type TiC>2 fine particles be provided with a high degree of crushability, 
and dispersed with a dispersed particle diameter of 100 nm or less. The embodiment 
will now be described in more detail based on the above-mentioned coating liquid. 
[0017] 

By applying the above-mentioned coating liquid to a substrate and firing the 
applied liquid, it is possible to obtain a HO2 film having excellent crystallinity and a 
higher content of anatase-type crystals to obtain a photocatalytic film which has both 
excellent transparency and film strength and exhibits an extremely high degree of 
photocatalytic activity which is not attained by conventional photocatalytic films. 

[0018] 

To obtain a photocatalytic film, a coating liquid prepared by the following 
method is used. A surfactant such as polyoxyethylene alkylphosphate and an acid salt 
of polyester is added to an organic solvent such as an alcohol, and fine particles of 
anatase-type Ti0 2 fine particles with an average particle diameter of 1 00 nm or less 
were added to the mixture. A high degree of crushability is applied to the Ti0 2 fine 
particles using a ball mill, sand mill, or the like so that the particles are highly dispersed 
with a dispersed particle diameter of 100 nm or less, whereby a dispersion of TiC>2fine 
particles is prepared. Another solution is prepared by adding water (acid or alkali 
catalyst, if necessary) to an alcohol solution containing a titanium alkoxide such as 
titanium tetrabuthoxide or titanium tetraisopropoxide to hydrolyze the titanium alkoxide 
(this solution is hereinafter referred to as "titania sol")- The dispersion and the titania 
sol are mixed. Still another solution prepared by adding tetramethyl orthosilicate or 
tetraethyl orthosilicate to an alcohol, followed by addition of an acid or an alkali 
catalyst (this solution is hereinafter referred to as "silica sol"), whereby a coating liquid 
with the following composition is obtained. 

[0019] 

The composition of the coating liquid (converted to the weight of oxides, 
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expressed as wt%) is as follows. 
80% < titania sol <100% 
0% < anatase-type Ti0 2 dispersion <20% 
0% < silica sol <20% 
[0020] 

By applying the coating liquid to a substrate and firing the applied liquid at a 
temperature exceeding 200°C, a coating substrate having a high degree of photocatalytic 
activity, excellent transparency, and sufficient film strength can be obtained. 

[0021] 

In this case, if the amount of the anatase-type Ti02 fine particles, which are 
added as the nuclei of crystal growth, accounts for 20% or more of the total amount of 
the components, the resulting film has a decreased strength, and cannot be used in 
practice. Further, the anatase-type Ti0 2 fine particles added as the nuclei of crystal 
growth are required to be highly dispersed to have a dispersed particle diameter of 100 
nm or less. If the particles are not highly dispersed to such an extent, the film cannot 
have sufficient transparency and the particles aggregated in the film significantly lower 
the film strength. 

[0022] 

On the other hand, when a hydrolysis solution for silica is added to increase the 
film strength, if the amount added accounts for 20% or more of the total amount of the 
components, a decrease in crystallinity cannot be suppressed even though the 
anatase-type TiC>2 fine particles have been added. Moreover, the Ti02 content in the 
film also decreases, whereby photocatalytic activity can be obtained to only a small 
extent. 

[0023] 

In the case where rutile-type Ti02 fine particles or amorphous TiC>2 fine particles 
are used, photocatalytic activity of the photocatalyst film cannot be fully exhibited. 
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The photocatalytic film can exhibit a high degree of photocatalytic activity due to the 
presence of anatase-type TiC>2 fine particles with an average particle diameter of 1 00 nm 
or less. Therefore, the coating liquid is required to contain the anatase-type TiC>2 fine 
particles with an average particle diameter of 100 nm or less. 
[0024] 

When using anatase-type TiC>2 fine particles with an average particle diameter 
exceeding 100 nm, photocatalytic activity of the photocatalytic film cannot be fully 
exhibited due to a reduction in specific surface area. In addition, the transparency of 
the photocatalytic film is not sufficient. When the amount of the anatase-type TiC>2 
fine particles is less than 0.1 wt% (converted to the weight of oxides) of the solid 
content of the photocatalytic coating liquid, the photocatalytic activity of the 
photocatalytic film becomes insufficient. If the amount of the anatase-type TiC>2 fine 
particles exceeds 20%, the film strength becomes insufficient. 

[0025] 

A hydrolyzate of a titanium alkoxide is required to be contained in the coating 
liquid. Addition of the hydrolyzate of a titanium alkoxide increases film strength and, 
since part of the hydrolyzate of a titanium alkoxide becomes anatase-type Ti0 2 by firing, 
contributes to improvement in photocatalytic activity of the photocatalytic film. If the 
amount of the hydrolyzate of a titanium alkoxide is less than 80 wt% (converted to 
weight of oxides) of the solid content of the photocatalytic coating liquid, the strength 
of the film becomes insufficient. If the amount of the hydrolyzate of a titanium 
alkoxide exceeds 99.9 wt%, the photocatalytic activity of the photocatalytic film is 
lowered since the amount of the anatase-type TiC>2 fine particles is reduced. 

[0026] 

In order to improve the film strength, it is preferred to add a hydrolyzate of a 
silicon alkoxide. If the amount of the hydrolyzate of a silicon alkoxide is less than 0.1 
wt% (converted to weight of oxides) of the solid content of the photocatalytic coating 
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liquid, the strength of the film cannot be increased. If the amount of the hydrolyzate of 
a silicon alkoxide exceeds 20 wt%, the photocatalytic activity of the photocatalytic film 
is lowered since the amounts of the anatase-type TiC>2 fine particles and the hydrolyzate 
of a titanium alkoxide are decreased. 
[0027] 

If the Ti02 contained in the photocatalytic film is of the rutile type, the 
photocatalytic activity of the film is insufficient. Therefore, it is preferred that the 
TiC>2 in the photocatalytic film be formed mainly of an anatase type crystal. During 
the formation of the photocatalytic film, the hydrolyzate of a titanium alkoxide is grown 
as an anatase-type Ti0 2 crystal from the anatase-type TiC>2 fine particles with the 
average particle diameter of 10 nm or less as the growth nuclei. In order to promote 
the growth of the titanium alkoxide, it is preferred that the firing be performed at a 
temperature of 150°C to 700°C. 

[0028] 

The material used for the substrate is not particularly limited. Any material 
may be used insofar as the material can be used in the above-mentioned firing 
temperature range. Therefore, plastics which can withstand a temperature of 150°C or 
higher may also be used. However, it is preferable to use a heat-resistant material such 
as glass, earthenware, porcelain, metal, and fine ceramics. 

[0029] 

To improve the adhesion between the substrate and the photocatalytic film, or 
when the substrate is formed of a material containing an alkaline component such as 
glass, it is preferred that an Si0 2 undercoat layer which has an alkali barrier effect be 
provided between the photocatalytic film and the substrate. 

[0030] 

The anatase-type Ti0 2 fine particles contained in the photocatalytic coating 
liquid may be composite photocatalytic powder prepared by coating the surfaces of the 
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anatase-type Ti0 2 fine particles as the nuclei with porous ceramics such as silica. 

[0031] 
[Examples] 
[Example 1] 

30 parts by weight of anatase-type Ti02 fine particles with an average particle 
diameter of 7 nm, 2 parts by weight of a phosphate-based surfactant, 68 parts by weight 
of ethanol, and 100 parts by weight of glass beads with a diameter of 1 mm were mixed 
and dispersed for a whole day and night, whereby an ethanol dispersion (al) of the 
anatase-type T1O2 was obtained. An equivalent amount of water and a small amount 
of HC1 were added to an ethanol solution of titanium tetraisoproxide, whereby a titania 
hydrolysis solution (tl) was obtained. These dispersion and solution were mixed so 
that the titanium alkoxide content of tl (converted to Ti0 2 )/Ti02 content of al became 
95/5, and so that the concentration of the titanium oxide after firing became 5%, 
whereby a photocatalytic coating liquid (cl) was obtained. The coating liquid was 
applied to glass on which an SiC>2 Na-barrier layer had been provided in advance by 
spin coating. The substrate was then fired at 500°C for 30 minutes to obtain glass (gl) 
provided with a photocatalytic film was obtained. 

[0032] 
[Example 2] 

An equivalent amount of water and a small amount of HC1 were added to an 
ethanol solution of tetraethyl orthosilicate, whereby a silica hydrolysis solution (s2) was 
obtained. The so-obtained s2, tl, and al were mixed so that the titanium alkoxide 
content of tl (converted to Ti0 2 )/Ti02 content of al /silicon oxide content of s2 
(converted to Si02) became 95/5/5, and the concentration of the titanium oxide after 
firing became 5%, whereby a photocatalytic coating liquid (c2) was obtained. The 
coating liquid was applied to glass on which an Na-barrier layer formed of SiC>2 had 
been provided in advance by spin coating. The substrate was then fired at 500°C for 
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30 minutes to obtain a glass (g2) provided with a photocatalytic film. 
[0033] 

[Comparative Example 1 ] 

A coating liquid (CI) was prepared by adding ethanol to the titania hydrolysis 
solution (tl) as described in Example 1. Using this coating liquid, glass (Gl) provided 
with a photocatalytic film (Gl) was obtained in the same manner as in Example 1 . 

[0034] 

[Comparative Example 2] 

The titania hydrolysis solution (tl) described in Example 1 and the silica 
hydrolysis solution (s2) described in Example 2 were mixed so that the titanium 
alkoxide content of tl (converted to TiC>2 amount)/silicon alkoxide content of s2 
(converted to SiC>2 amount) became 95/5, and so that the concentration of the titanium 
oxide after firing became 5%, whereby a photocatalytic coating liquid (C2) was 
obtained. Glass (G2) provided with a photocatalyst film was obtained in the same 
manner as described above. 

[0035] 

[Identification of Crystal Phase] 

The X-ray diffraction pattern of the resulting photocatalytic film was shown in Figs. 1 
to 2. Comparison between the glass (gl) obtained in Example 1 and the glass (Gl) 
obtained in Comparative Example 1 shows that formation of the rutile-type crystal 
phase was suppressed and growth of the anatase-type crystal phase with a higher 
photocatalytic activity was promoted by addition of the anatase-type TiC>2 fine particles 
as the nucleus of crystal growth. Further, comparison between the glass (g2) obtained 
in Example 2 and the glass (G2) obtained in Comparative Example 2 shows that a 
decrease in crystallinity can be suppressed by the addition of the anatase-type Ti0 2 fine 
particles as the nuclei of crystal growth, even when SiC>2 was added to increase film 
strength. 
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[0036] 

[Transparency and film strength] 

The pencil hardness and the haze value of the photocatalytic films are shown in 
Table 1 and Table 2, respectively. It is apparent that the film strength is further 
increased by the addition of SiC>2. The anatase-type TiC>2 fine particles added in a 
highly dispersed state does not affect either strength or transparency of the film. 

[0037] 

[Table 1] 



Pencil hardness of film 



Sample 


Pencil hardness 


Example 1 (gl) 


8H 


Example 2 (g2) 


9H or more 


Comparative Example (Gl) 


8H 


Comparative Example (G2) 


9H or more 


[0038] 




[Table 2] Haze value of film 




Sample 


H/% 


Example 1 (gl) 


0.2 


Example 2 (g2) 


0.2 


Comparative Example 1 (Gl) 


0.1 


Comparative Example 2 (G2) 


0.1 



[0039] 
[Photocatalytic activity] 

The photocatalytic film was colored with a red organic dye, and exposed to UV 
rays at a dose of 1.5 mW-cm" 2 . The decomposition activity of the dye (change of 
absorbance at wavelength at which absorption becomes maximum) is shown in Fig. 3. 
It is apparent that the film obtained by adding the anatase-type TiC>2 fine particles as the 
nuclei of crystal growth exhibits a higher degree of photocatalytic activity. 

[0040] 

[Effect] 
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As described above, the coating liquid according to the present invention is 
prepared as follows. A hydrolysis solution prepared by adding water and a catalyst to 
a titanium alkoxide is provided with a high degree of crushability to form a dispersion 
of anatase-type TiC>2 fine particles in which the TiC>2 fine particles are highly dispersed 
with a dispersed diameter of 100 nm or less. To the dispersion of the anatase-type 
TiC>2 fine particles serving as the nuclei of crystal growth, a hydrolysis solution of 
tetraethoxysilane or the like is added, if necessary, whereby a coating liquid is obtained. 
The coating liquid is then applied to a substrate, followed by firing. As a result, 
formation of a rutile-type crystal phase is suppressed, growth of an anatase-type crystal 
phase is promoted, and a decrease in crystallinity can be suppressd even if SiC>2 is added. 
As a result, it is possible to obtain a photocatalytic film having an excellent transparency, 
sufficient film strength, and an extremely high degree of photoactivity which is not 
attained by conventional photocatalytic films. 

[0041] 
[Effect of the Invention] 

As described above, according to the present invention, using the coating liquid 
according to claim 1 in which the hydrolyzate of a titanium alkoxide and the 
anatase-type Ti0 2 fine particles with an average particle diameter of 1 00 nm or less are 
incorporated, it is possible to form a photocatalytic film having both excellent 
photocatalytic activity and film strength. 

[0042] 

Using the photocatalaytic coating liquid according to claim 2 in which the 
anatase-type TiC>2 fine particles are dispersed with a dispersed particle diameter of 100 
nm of less, it is possible to form a photocatalytic film having both excellent 
photocatalytic activity and film strength. 

[0043] 

Using the photocatalytic coating liquid according to claim 3 in which the 
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hydrolyzate of a titanium oxide and the anatase-type TiC>2 fine particles are contained in 
amounts of 80 wt% to 99.9 wt% and 0.1 wt% to 20 wt%, respectively, when converted 
to the weight of an oxides contained in the solid component of the photocatalytic 
coating liquid, it is possible to effectively promote growth of the anatase-type TiC>2 
crystal, to increase the amount ratio of the anatase-type Ti02 in the photocatalytic film, 
and eventually to improve the photocatalytic activity of the photocatalytic film. 
[0044] 

Using the photocatalytic coating liquid according to claim 4 in which the 
hydrolyzate of a silicon alkoxide is contained in an amount of 0.1 wt% to 20 wt%, it is 
possible to effectively increase the strength of the photocatalytic film. 

[0045] 

In the coating substrate according to claim 5, by applying the above-mentioned 
coating liquid to the heat-resistance substrate and firing the applied liquid, it is possible 
to obtain a photocatalytic film having excellent transparency, sufficient film strength, 
and a high degree of photoactivity due to formation of a Ti02 film with a higher content 
of anatase type crystals. 

[0046] 

Using the coating substrate according to claim 6 in which the photocatalytic film 
is formed mainly of an anatase crystal phase, it is possible to improve the photoactivity 
of the photocatalytic film. 

[0047] 

Using the photocatalytic coating substrate according to claim 7 in which the 
Si02 undercoat layer is provided between the photocatalytic film and the heat-resistant 
substrate, it is possible to improve the adhesion between the substrate and the 
photocatalytic film and also possible to allow the coating substrate to have an alkali 
barrier effect. 

[Brief Description of the Drawings] 
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[Fig. 1] Fig. 1 is a graph showing the X-ray diffractometry results of the photocatalytic 
film according to the present invention. In the figure, (A) denotes the photocatalytic 
film of Example 1 and (B) denotes the photocatalytic film of Comparative Example 1 . 
[Fig. 2] Fig. 2 is a graph showing the X-ray diffractometry results of the photocatalytic 
film according to the present invention. In the figure, (A) denotes the photocatalytic 
film of Example 1 and (B) denotes the photocatalytic film of Comparative Example 2. 
[Fig. 3] Fig. 3 is a graph showing a dye decomposition activity of the glass plate 
provided with the photocatalytic film according to the present invention. 
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[0014] nw»ji7fcfli*3-f>^ y^^fitrtt. me 



msBMbmmxtttmtz* sio 2 r>y-?-v 

[00 1 53 

[00 16] *?=.*?J*ThyA VroiK^^H*^ 
T^frtSfi^gfr* 100nmOT?)77?--te'STi 

ymimtz. tssr+f—mT i o 2 & 
ta^vvc, pats. 

[00 17] dcoa-f 4 V^WfcfflWC, Stt±fc)ft 

s<?3te B B B acojt*^>T i o 2 mmzttfx-z. 

[0018] XMtKoll&fctt* WiJjfT/U3-;Wf! 

r)v, #vx*T)iwim?)ftMmmmtoi. 77 

*~tfS<0ttfl#** L¥%fiH« 100 n mUlTOT 
i0 2 mtTZtol. #-^5/k ^HS/MSt^JB^ 
T»HIWfcfe*4jl*£i:fcJ: l 9, 77^-HfSTiO 

2 S^^ftffl&^fia* 100nmjy.Tfci-C*$Mifc3tf 

-rv)vtmo) tzmnritcmfc. xmzmixTiv 
[0019] ftasns a-r < yfmzm&msM. 

80 % £ y-9-T-f)V < 100% 

0 % < 77?~ felT i 0 2 #ft» ^ 20 % 
0 % =S v'JrtV^ ^ 20% 

[0020] zcnz-Toymzmtiza-f-j >y 
ix . zooxaajiwaflrcttjft-f * - t 1 j; o , *v 

[002 1] £*>RL &Jb££Oftfc LTJn*.£77? 

— fefST i o 2 afi^»*^«to2o %zmht. 
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fc, ^ H B B B£^c7)«i;LTjDAI.77^— tfMTi0 2 ft 
&^*4H^^T100nmJ3lTt:4TJSEiHftS-e--C*J 

[0022] R&Jg£ X 0 «ft*fcftfc^ 'J 
*#ffit&tolHir£X-i>. 20 %£j@ 

*£>k, tzblTi-?— fe'MTi0 2 jWS^^HBit^ 
fcfcUCi, ttflttOfiTfcffli IS* 
OTi0 2 #*t>ffiTUT. 3KWBES§tt3WJf:^«H 

[0023] zotztb, ;H-;WST i o 2 aafrifcli 

mascot i o 2 jbv vzi$&x'ttftmm% 

MW6affi»*36 t -HJ"C«:< , lOOnm&TW 
R* 5 lSv^M«vStt^^$-*-fl»J:3^|,*^. 3- 

io 2 twa^t^firs**^****. 

[0024] 100nmSrS^.|) 77^— t^T 

i0 2 tSS^Srfflvvfe^tli. lt^ffl«* 5 /jNSv^ 

-Ttyrwmwt*., Ti-?~ mr i o 2 m&.? 
tmrnmsmx- o.iaa«*«r«i. 3tM«R^^ 
«rf«vStt56m*^r+^ k ^ o . 20 nm%*mt ima, 
x-ummm+ftbZi. 

[002 5] XlimolRSMD^lftLhL. 
^tc«fc 0-SI5* J 7-h^— fe'MT i 0 2 b%Zfz)b. % 

•c, *I4^3-t ^ yyme>®mft*T i nv^s y 
cotammmK mmmsmx\ 8osM%mxit 

mBW*+ftb % 0 . 99. 9M%®iOJi^{±77^ 
-tlT i 0 2 {Stai L OE^**^<'5r , 9. 3fe«4«R 

[ 0 0 2 6 ] i fc, mKrtLhO^^U. S i T)Va 

*isv<Dto*fttim*t;ii-rhzbt)Wzit.\ *l 
x. mm?— T<y7m<r)®Btt*. si 7^3^^ 

H<ojp*^HBtt*m«d»8IS:«Sft%-C0.l a»% 

5ssre«. s 1 7^3 Feasant i i«Hw$<omh 

Wttmt, 20 tt%£j@;t&i§£tc{i7 

7^— fe'MT i 0 2 m&Ff-& £VT i 7^3^*/ Holm 

[0027] 3tw«)ioT i o 2 a. iw-frmrnkx-it 

?&m%&%)%tf+ttX'%^tz#>. ±bLXTi-?~ b* 

^ea ioonmiaTo7^— tffiTio, os^^a 

T i 0 2 *§ B B B k LTfig^-T?.. T i T)Va 

^^HOja*4M!HiW)*Sfi*fiOjft-C. 150 -700 x;** 



(4) 
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[0 0 28] ifc, miz^xiz. ttl 

ft, 150 lCfeU:fla*fcffl;t»*r?**'y?ittJII? 

Wc#?x, a$k yr^y-ty 

[0029] ^k3KI»<o?MMit<oiaLh. #9*5? 
*>r;n& y «#**tf*»*>*&fcii7/Mr y^y rt 

• 'J yllxx?;WMW«SfflH 

• x^y-A- 

5. lmm&cr>tfyZt'-X lOOSPh kJCstf-rt/S/W 

r-fiaai^ftu. r^-HfSTio 2 <ox?y- 

JWMKS (a 1 ) fcfrfc. +9 by 4 V 

hc l ^Jni, f-?-7flD*#B?$ ( 1 1 ) £#SL 

[t l+WTiT^a^H*** (Ti0 2 ft*) / 
[ a 1 +<0T i 0 2 = 95/5 

T. fcMta-f-* (c 1 ) fcflfc. d 
C03~ f-f^&fc. W. Si0 2 KiSNaA^ 
*«Jtfc;ir9X±fc*ev3-hi£T!6lU 5(XTC 

"C 30 #£ml-c, ffimmmtfy* < s 1 > m 
coo3 2] immi^T by m-)v*)vv * 4 ten 

x?y-/MMK, 3*0* fc. 4>*<0HC 1 SrjD^T 
fWLfci/'J*tD*4M!RK (s2)t KUBt l&tfa 

[t l*<r)T iT>Vzi*i,VttM. (Ti0 2 HUT) / 
[al+c7)Ti0 2 / [ s 2*<OS i T)VO* 

xKm ( S i 0 2 &*) ] = 90 /5 /5 

mtttkcomti- 9 ymmm? 5%t^hx^zm^ 
u %m?-T * >ym ( c 2 > s ^(wd<o 

3-r T*>. S i0 2 liz£&NaJV)Tm 

$mit:#yx±.l,zxvya-h%?mxl. 500'CT' 

30 ftmtiT. mmmmfiy* (s2) znt:. 
[0033] ditmm 1 ] mmm 1 feasor -7jra* 
tt%m (tiic, ^9 j-iiznte.tzrt-T < y?m 
( c 1 ) m^x . mm 1 umnxmmt nmi,z% 
tmmmnyx igd 

[0034] CitKW2 ) Htt0l l Ett<of-^-7Jn* 
4M*» ( 1 1 ) t . Hiteaj2fE«0^y^jD*4M»» 

( s 2 ) t m^x, mmkwmummx'. 

[tl+<0Ti7;l/3*xh'#3r*(TiO 2 
[s2+£0S i7/P3*^H*« (S i0 2 J&g) ] 
= 95/5 

«M&coBHb^ 5% £ & h J: 9 £8* 



LTtOSKMPSr^Tt* S i O, 7>-^-3-bJi£ N £ 

[ 0 0 3 0 ] mm^-T < yf&wzttz&iri- 

9— <dWT i o 2 Wttfli, 77*— <fST i o 2 6S© 
LTUfflKvy^frfc'^ILS-fe^ S y9x£ 

[003 1] 

[SUM] 

i 0 2 30 m 

2 & 
68 & 

fc, *lttlWft*^?-X (G2) fcfcfc. 
[0035] CSSffiO^D #/otL^3fc)l!l!i«KcOX« 
0SfH»SHl~2t:^t. BH^Httni (si) t 
it«Wl (Gl) fc<OlfcK*»fe. »fllfi^)«f:LT7 

vmmwmtfmiiT i^;t . 

Jfe0l2 (g2) fcJtttW2 (G2) fc<0it8*^ ffitfc 
JBE£**fc*>fcS i 0 2 Srtai-C t . tSAjKA<^b L 
felTiOj &m&tollZbX\ fe^tt 

[0036] CK^jfiiJBtttJit^SSD fcfcftfcftHWE 
flRcoifi^SjK^lfc, ^XfiSr^2^-T. SiO 

2 ^msaxmmn*)m±ti. mmtmxmaz 
tvkT+9—mTiOt tmrf-iismm. &mbi> 

[0037] 
[^1] 







^HWl (gl) 


8H 


(g2) 


9H£(± 


tt«m (GD 


8H 


ifclW92 (G2) 


9HK± 



[0038] 
[«2] 
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tt » 


H/X 


&ttMl (gl) 


0. 2 


(g2) 


0. 2 


JtttMl (Gl) 


0. 1 


H*W2 (G2) 


0. 1 



[0039] C£MK?£tt) 3BW«i* *fe*«lfe*-C 
*fiU 1.5 mW- cm-2^^itfttl^t 

&iF B fiUIO&J: LT77*— «£T i 0 2 «tt?£ 

[0040] CflUB^] J^tf>i 3 7A- 

4i * n b G.X 0 . flWBffgfc 100 n mfcrFfc* "CSS 
#R«*fc77*~ tfMT i 0 2 ttR?£feAj££*>« 

X . 3#±(cj£lt • #M76 i fcfc J: >} . ;W-/Hl»Sft 
[004 1 3 

[fWkoSWRJ ELbo J: 3 fcttMTCIi. MSB 1 fcffi 

h%sm?-T4 >rmx'\i. t i r^a^^H^an* 
anHM^w&tta wonmjaTwr^— «fflTi 

*t tfl^^**t4*«aiii*»ftt* i t a*? 

[ o o 4 2 ] fft$£2 (:Sl,3iM3-f * >?mx 
a. ffiiTi-f—mT i o 2 atfrptfafltttpg 100 



[0043] M*«3 fc«*3KM«3--f 4 V^WC 
tt. MIST i r/U3*^H»an*4MWftfcJ:Wi5Er7 
«ST i 0 2 «ft?* % Me^M«3-r^ 

wsmft <nm}mm£.x\ so 

± 99.9 0.1 MKfiLt 20 **%JjlTO 

WrcMTt*ii:tJ:9, 77?— tfST i 0 2 o«g 
Jld£fi£SMlWfc:ffl3lfcU K*tf)77*~ fe'ST i 0 2 

[0044] m&4 izmxMi&^-T < >?mx 

tt, s i 7/1/3^5^ h*<oJn*4WW»io.ia«%J3Lh 20 

[0045] itdui 5 a—f ^ >?&mu. m 
mm&3-T<y7mzm^x. mmmLtizm 

77?— tfScO^ B B B Oit*^*iS^T i 0 2 RS:»jS"C 

& i: i> fcSv^fl«BRStt*ft41-4 <! t * . 
[0046] H!#JS6 (Cft« 3-f -f U 
£ftM9gKtf. ±t LTTf^-^&g^&^i: 

[0047] MRR«7 tcfli* 3-f 4 ^VWRXte, if 

lB3te««(Si:iffisitts«fcsc s i o 2 ryr-3- 
r&i±£ & i t #t*£ s b b t> K7/k# u * y 7#t# 
[w^mw^] 

[01 ] W^=tl»3a5!!!^^xaill^m^^7^ 

CH2 ] *mizx&mii&mcoxmm&MkZ9f;?7 
y 7T-j> o . (a) umiw 2 <7)^» ( b ) ititmm 

20%&S:^7. 

[ H 3 ] *«W(c J: S 3f£MBOSff # 
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